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The ra dio ac tive io dine (131I) ab la tion is a well-ac cepted treat ment mo dal ity for dif fer en ti ated
thy roid can cer pa tients. Un for tu nately, the ra di a tion in duces the ox i da tive stress and dam -
ages cells and tis sues, si mul ta neously ac ti vat ing the mech a nisms of antioxidative de fense.
Since the mech a nisms of those pro cesses are not com pletely known, we wanted to ex am ine the 
changes in the most im por tant re ac tive ox y gen spe cies and antioxidative com po nents, as well
as their cor re la tion and sig nif i cance for lipid peroxidation. Our re sults showed that the level
of thiobarbituric acid re ac tive sub stances was in creased dur ing the first 30 days af ter the ra -
dio ther apy. Among an ti ox i dant com po nents, superoxide dismutase was in creased in the 3rd
and 30th day; catalase in 7th and re duced glutathione in 3rd and 7th day af ter the ra dio ther apy.
As re gards the prooxidants, the re duc tion of hy dro gen per ox ide (H2O2) was re corded in 7th
and 30th day, and superoxide an ion rad i cal (O2
⋅−) was un changed af ter the ex po sure to 131I.
These re sults in di cate that dif fer en ti ated thy roid can cer pa tients are un der con stant ox i da tive
stress de spite the ob served in crease in antioxidative and re duc tion in prooxidative pa ram e -
ters. The un der stand ing of these early pro cesses is im por tant since their prog ress de ter mines
the lat ter ef fects of 131I ther apy.
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IN TRO DUC TION
The can cer of the thy roid gland is the most com -
mon ma lig nant tu mor of the en do crine sys tem and rep re -
sents 1-2 % of all ma lig nan cies in the world [1]. Based on 
the US Na tional Can cer In sti tute (NCI) 5-year data set
for 2009-2013, the num ber of new cases of thy roid can -
cer was 13.9 and the num ber of deaths was 0.5 per
100.000 men and women per year [2]. The sur gi cal re -
sec tion (thyroidectomy), ra dio ac tive io dine ab la tion, and  
thy roid stim u lat ing hor mone (TSH) sup pres sion ther apy
are all well ac cepted treat ment mo dal i ties for dif fer en ti -
ated thy roid can cers. The ex po sure to ra di a tion (131I is
beta and gamma emit ter) leads to the for ma tion of the re -
ac tive ox y gen spe cies (ROS) and dam ages cells and tis -
sues. Since the ex act mech a nisms of re dox pro cesses
in duced by the ex po sure to 131I are not com pletely
known, we wanted to ex am ine the changes in the most
im por tant fac tors (ROS, en zy matic and non-en zy matic
antioxida- tive com po nents), and their cor re la tion and
sig nif i cance for the for ma tion of  thiobarbituric acid re -
ac tive sub stances (TBARS), as the mea sure of lipid
hydroperoxidation (LPO).
MA TE RI ALS AND METH ODS 
Sub jects
The study pop u la tion in cluded 45 dif fer en ti ated
thy roid can cer (DTC) pa tients of both gen ders (33 fe -
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males and 12 males, of av er age age 42.5 ± 14.3 years) 
af ter the to tal thyroidectomy. Among them, 39 pa tients 
had pap il lary car ci noma and 6 pa tients had follicular
car ci noma. Af ter 10 days of a low-io dine diet,  all  pa -
tients  were  treated  with  a  fixed dose of 3.7 GBq (100
mCi) or 5.55 GBq (150 mCi) of so dium-io dide ad min -
is tered orally, ac cord ing to the EANM guide lines [3].
At the time of 131I ad min is tra tion, all pa tients were hy -
po thy roid (the con cen tra tion of thy roid-stim u lat ing
hor mone in blood was TSH > 30 mIUL–1). This was
achieved by with draw ing the re place ment ther apy for
at least three weeks. The pa tients were dis charged
from spe cial pre mises ded i cated to the radionuclide
ther apy to home treat ment when the mea sured 131I ac -
tiv ity in the body was un der 400 MBq (usu ally af ter 3
days, or later). Blood sam ples from DTC pa tients were 
ob tained 4-times: be fore and 3, 7 and 30 days af ter the
treat ment with 131I. The pa tients who were youn ger
than 18 years, hy per sen si tive to io dine prep a ra tions,
had bone mar row de pres sion, with re duced lung func -
tion, with sal i vary gland dys func tion and pa tients with
neu ro log i cal im pair ments were ex cluded from the
study. The fol low ing an ti ox i dant pa ram e ters and pa -
ram e ters of ox i da tive stress were de ter mined:
superoxide dismutase (SOD), catalase (CAT), re duced 
glutathione (GSH), in dex of lipid peroxidation
(TBARS), the con cen tra tion of superoxide an ion rad i -
cal (O2
⋅− ), hy dro gen per ox ide (H2O2), and ni tric ox ide
(⋅ NO).
The study was ap proved by the Eth i cal Com mit -
tee of the Clin i cal Cen ter Kragujevac. Also, all pa -
tients gave writ ten in formed con sent to par tic i pate in
the study ac cord ing to the Hel sinki Dec la ra tion.
Sam ple prep a ra tion
Plasma and eryth ro cytes were sep a rated from the
whole blood in a pro ce dure known as the 'wash ing' of
eryth ro cytes. In the first step, the blood was cen tri fuged
(10 min at 3000 rpm) for the ex trac tion of plasma (usual
vol ume 1-2 ml). The rest of the plasma was as pi rated in
or der to keep only eryth ro cytes. In step two, the sa line
was  added  to  eryth ro cytes  (ra tio  2:1)  and vortexed.
The  mix ture  was cen tri fuged three times (10 min at
3000 rpm). Af ter ev ery centrifugation, the supernatant
was as pi rated. Fol low ing the last centrifugation, 1 ml of
eryth ro cytes was taken and mixed with 3 ml of cold dis -
tilled wa ter. In the fi nal step, the so lu tion was placed into
the cold wa ter jacket for 30 min.
De ter mi na tion of ox i da tive
stress pa ram e ters
Superoxide an ion rad i cal con cen tra tion
The con cen tra tion of O2
⋅−  was eval u ated with the 
method of Auclair and Voisin [4]. The method is based
on the re duc tion of nitroblue-tetrazolium (NBT) to
monoformazan by O2
⋅−  in the al ka line ni tro gen sat u -
rated me dium. The yel low prod uct of this re ac tion was
mea sured spec tro pho to met ri cally at 550 nm. The con -
cen tra tion of O2
⋅−  was ex pressed in nmolml–1 plasma.
Hy dro gen per ox ide con cen tra tion
The de ter mi na tion of H2O2 con cen tra tion in
blood plasma was done by the method of Pick and
Keisari [5]. In re ac tion, the horse rad ish peroxidase
con verts the hy dro gen per ox ide into the wa ter and the
ox y gen. This causes the ox i da tion of phe nol red, thus
form ing the adduct with the dex trose, and has the max -
i mum absorbance of 610 nm. The con cen tra tion of
H2O2 was ex pressed in nmol/ml plasma. 
Ni tric ox ide con cen tra tion
The ni trite, a sta ble NO ox i da tion prod uct, was
de ter mined us ing the Griess re ac tion [6]. The sam ples
were  mixed  with  an equal vol ume of Griess re agent
(1 % sul fa nil amide, 0.1 % naphthylethylenediamine
dihydrochloride, and 2 % phos pho ric acid) and in cu -
bated at room tem per a ture for 10 min. With the NaNO2
to gen er ate a stan dard curve, ni trite pro duc tion was
mea sured at 550 nm. The con cen tra tion of re leased ni -
trites was ex pressed in nmolml–1 ex tract.
Lipid peroxidation con cen tra tion
The TBARS was de ter mined ac cord ing to the
Ohkawa et al. [7]. The TBARS mea sures the
malondialdehyde, a prod uct of lipoperoxidation caused
mainly by free hydroxyl rad i cals. Firstly, plasma was
deproteinised with the trichloroacetic acid (TCA) and then 
the pre cip i tate was treated with the  thiobarbituric acid
(TBA) at 100 °C for 15 min. The TBARS was de ter mined
by the absorbance at 535 nm and cal cu lated as nmol ml–1
plasma.
De ter mi na tion of an ti ox i dant pa ram e ters
SOD ac tiv ity
The SOD ac tiv ity was mea sured by the epi neph -
rine method of Misra & Fridovich [8]. This method be -
longs to the „neg a tive” type group of meth ods, since it
mon i tors a de crease of autooxidation speed in al ka line
me dium, which is de pend ent on O2
⋅− . The speed of epi -
neph rine autooxidation to adrenohrom was de tected
spec tro pho to met ri cally as the change of the
absorbance at 480 nm. One unit of SOD ac tiv ity was
de fined as the amount of ex tract that in hib its the rate of 
adrenochrome for ma tion by 50 %. The con cen tra tion
of SOD was ex pressed in units of SOD ac tiv ity per
gram of he mo glo bin (unit per gram Hb). 
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CAT ac tiv ity
The ac tiv ity of catalase (CAT) was as sayed by
the method of Beutler [9]. It was based on the mea sure -
ment of hy dro gen per ox ide deg ra da tion speed in the
pres ence of catalase (CAT) at 230 nm. The CAT ac tiv -
ity was ex pressed in unit of mg–1 pro tein. One unit of
CAT ac tiv ity is de fined as 1 µmol of H2O2 de com -
posed per min ute un der the as say con di tions.
GSH level 
The re duced glutathione (GSH) was mea sured at 
an absorbance of 412 nm ac cord ing to the method of
Beutler [9]. In this method, the re duced GSH pres ent
in the sam ple re acts with the di-thio-nitrobenzoic acid
(DTNB) and the in ten sity of the color was mea sured at
412 nm, and cal cu lated as nmol ml–1 plasma.
Sta tis ti cal anal y sis
Due to a non-Gaussi an dis tri bu tion of val ues, to
com pare pa ram e ters level be fore and af ter the 131I
ther apy, the Fried man's test was used, fol lowed by
Nemenyi's mul ti ple pairwise com par i sons with
Bonferroni cor rec tion. The Spearman's rank co ef fi -
cient was ap plied to in ves ti gate the SOD/O2
⋅− and
CAT/ H2O2 cor re la tions. The au to matic lin ear mod el -
ing (ALM) was used to es ti mate the pre dic tive val ues
of all ex am ined re dox pa ram e ters on LPO level. A
2-tailed p < 0.05 was con sid ered sta tis ti cally sig nif i -
cant. All data were an a lyzed us ing IBM SPSS
Sta tis tics ver sion 23 and GraphPad Prism 4 soft ware.
RE SULTS
When com pared to the value be fore the 131I ther -
apy, the SOD ac tiv ity af ter the ther apy was in creased
in all three ex am ined time points, but only the in crease
in days 3 (p = 0.000) and 30 (p = 0.000) was found to
be sta tis ti cally sig nif i cant. The ac tiv ity of CAT was
un changed in days 3 and 7 and in creased in day 30 af -
ter  the  ther apy  with  131I (p = 0.003). The level of
GSH was found to be sig nif i cantly in creased in days 3
(p = 0.000) and 7 (p = 0.003), af ter which it re turned to
the base level on the day 30.
The level of H2O2 was sig nif i cantly de creased
on the 3rd (p = 0.000) and 7th (p = 0.003) day af ter the
131I ther apy. The post ther apy level of O2
⋅−  reached its
max i mum in day 30, but this in crease was sig nif i cant
only  when  com pared  with  the O2
⋅−   lev els  on  the 3rd
(p  = 0.009) and 7th (p = 0.007) day af ter 131I ther apy.
The level of .NO was not sig nif i cantly changed in any
of the three tested time points.
Af ter the ther apy with 131I, the con cen tra tion of
TBARS was in creased in all three ex am ined time
points, but sig nif i cantly only in day 7th (p = 0.001),
(fig. 1 and tab. 1).
The  cor re la tion anal y sis showed that SOD ac -
tiv ity  was  pos i tively  cor re lated  to O2
⋅−  level at days 3
(p  = 0.01) and 30 (p = 0.01) (fig. 2). 
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The ac tiv ity of CAT was pos i tively cor re lated to
H2O2 level on the 0 (p  <  0.001),  3rd  (p  < 0.001) and
7th (p  <  0.001)  day,  but n egatively  cor re lated  on  day
30 (p < 0.001) (fig. 3).
The re sults of mul ti ple lin ear re gres sion anal y sis
in di cated that among all five tested pa ram e ters, only
SOD ac tiv ity, H2O2 and O2.- lev els had the sta tis ti cally
sig nif i cant im por tance on TBARS level (tab. 2). 
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Ta ble 1.  Ex act p-val ues for all pairwise com par i sons (Nemenyi's mul ti ple pairwise com par i sons test with Bonferroni
cor rec tion); Freidman's test p-val ues are also re ported for all ex am ined pa ram e ters
SOD Freidman's test: p < 0.0001 CAT Freidman's test: p = 0.006
0 days 3 days 7 days 0 days 3 days 7 days
3 days 0.000 1 0.066 3 days 0.447 1 0.960
7 days 0.330 0.066 1 7 days 0.198 0.960 1
30 days 0.000 1.000 0.060 30 days 0.003 0.198 0.447
GSH Freidman's test: p < 0.0001 H2O2 Freidman's test: p = 0.001
0 days 3 days 7 days 0 days 3 days 7 days
3 days 0.000 1 0.896 3 days 0.000 1 0.896
7 days 0.003 0.896 1 7 days 0.003 0.896 1
30 days 1.000 0.000 0.003 30 days 1.000 0.000 0.003
O2
⋅− Freidman's test: p = 0.003 NO Freidman's test: p = 0.017
0 days 3 days 7 days 0 days 3 days 7 days
3 days 0.731 1 1.000 3 days 0.995 1 0.098
7 days 0.681 1.000 1 7 days 0.054 0.098 1
30 days 0.141 0.009 0.007 30 days 0.141 0.231 0.976
TBARS Freidman's test: p = 0.003
0 days 3 days 7 days
3 days 0.268 1 0.231
7 days 0.001 0.231 1
30 days 0.308 1.000 0.198
      Fig ure 2. Scat ter plot of SOD ac tiv ity against O2
⋅− level af ter 0 (a), 3 (b), 7 (c), and 30 (d) days fol low ing the 131I ther apy
DIS CUS SION
De spite the proven ef fi cacy of 131I ad min is tra -
tion in the treat ment of dif fer en ti ated thy roid can cer,
there are sev eral se ri ous side ef fects as so ci ated with its 
use. They in clude sal i vary gland dys func tion, im pair -
ment of the lach ry mal glands, re pro duc tive dis tur -
bances and hematologic ab nor mal i ties [10-12]. The
ox i da tive stress in duced by the 131I ther apy of the thy -
roid gland is also not re stricted to the area of ad min is -
tra tion but is de tect able even in plasma, se rum, and
urine [13].
The ra dio ac tive io dine is con sid ered to be re -
lated with the hematologic changes which per sist for at 
least 1 year [14]. The re sults ob tained in the cur rent
study in di cated that a sig nif i cant ox i da tive misbalance
was pres ent in the blood of DTC pa tients in the first 30
days af ter the 131I ther apy.
The early ef fects of ra di a tion oc cur dur ing the
sev eral hours to a few weeks af ter the ex po sure and
typ i cally in clude man i fes ta tions like cell death, in -
flam ma tion, and ox i da tive stress [15]. The re sults of
our study con firmed the ex is tence of early re dox im -
bal ance on 3rd day af ter the treat ment with 131I. At this
time point we ob served an in crease in TBARS (whose
level was in creased by 52 % al though not sta tis ti cally
sig nif i cant) and in duc tion of AO sys tem per ceived as
an in crease in SOD ac tiv ity and GSH level. The ab -
sence of in crease in con cen tra tions of H2O2, O2
⋅−  and 
⋅ NO  in di cated that AO de fense sys tem is suf fi cient to
main tain the re dox bal ance at the base line level. Other
au thors also re ported that SOD [16], CAT [17], GSH
[18], and GSH syn the sis-re lated pro teins [19] are in -
duced by ir ra di a tion.
In blood of DTC pa tients ex am ined in this study,
the SOD ac tiv ity was sta tis ti cally in creased on the 30th
day, but also more than dou bled on the 3rd day af ter the
131I treat ment. These changes are sig nif i cant for over -
all AO pro tec tion, since the SOD ac tiv ity and the level
of O2
⋅−  were among the three most im por tant pa ram e -
ters for pre dic tion of TBARS as an in di ca tor of ox i da -
tive stress. Based on the pos i tive SOD/O2
⋅−  cor re la tion 
in the same time points, it seems that the SOD was, at
least par tially, in ducted by its own sub strate. It is most
likely that this reg u la tion is per formed through the re -
dox-sen si tive transcriptional fac tors such as NF-κB,
AP-1, and Nrf2 [20].
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Fig ure. 3 Scat ter plot of CAT ac tiv ity against H2O2 level 0 (a), 3 (b), 7 (c), and 30 (d) days af ter 131I ther apy
Ta ble 2. Mul ti ple lin ear re gres sion anal y sis us ing au to matic 
lin ear mod el ing with TBARS as the de pend ent vari able
and ac tiv i ties of SOD and CAT; the lev els of GSH, O2
⋅−,
H2O2, and⋅NO as in de pend ent vari ables; only vari ables
with sig nif i cant pre dic tive val ues are shown
Pre dic tor Co ef fi cient Std. er ror t p
SOD 0.000 0.000 3.134 0.002 
H2O2 –0.148 0.055 –2.715 0.007
O2
⋅− 0.107 0.052 2.057 0.041
The SOD ac tiv ity pro tects against the free rad i -
cal in jury by con vert ing O2
⋅−  to H2O2, thus dis abling
O2.- to com bine with .NO and form peroxynitrite an ion 
(ONOO•), which ini ti ates the lipid peroxidation. Our
re sults showed that in the blood of DTC pa tients ⋅ NO
and O2
⋅−  lev els were un changed in all ex am ined time
points com pared to the basal lev els ob tained be fore the 
ther apy, so it seems that this path of for ma tion of
ONOO• is not re spon si ble for the ob served in crease of 
LPO.
The ac tiv ity of CAT was in creased in all three
post ther apy time points, al though the in crease was
sta tis ti cally sig nif i cant only on the 30th day af ter the
ex po sure. Such CAT ac tiv ity was ap par ently suf fi cient 
to pre vent the per ox ide-in duced ox i da tive stress, as
the H2O2 level dur ing the en tire post ra di a tion pe riod
was de creased in com par i son to the value be fore the
treat ment. Our re sults also showed that on days 0, 3
and 7, the CAT ac tiv ity was pos i tively cor re lated with
the level of H2O2, while on the 30th day this in ter re la -
tion was neg a tive. It seems that the expressional reg u -
la tion of CAT ac tiv ity ob served in the first 7 days,
shifted to a non-expressional mech a nism in the 30th
day af ter the ex po sure to the 131I. This in di cates that
not only the mech a nisms of AO pro tec tion af ter the
131I ther apy vary in pa tients with hyperthyroidism and
can cer [21], but that in the DTC pa tients these pro -
cesses change in the course of time.
The GSH level in blood of DTC pa tients was in -
creased on the 3rd and 7th day af ter the ex po sure to 131I,
in di cat ing that the non-en zy matic AO pro tec tion was
also el e vated in the first days af ter the ra dio ther apy.
Sim i larly, Sadani and Nadkarni showed that in rats, the 
subablation doses of 131I el e vated GSH level for 16 %
af ter 24 hours, but by the day 18th its con cen tra tion was 
de clined by 15 % [22]. The GSH has mul ti ple roles in
the reg u la tion of cel lu lar ho meo sta sis. In ad di tion to
its im por tance in en zy matic and nonenzymatic
antioxidative pro cesses, the GSH is re quired for cell
pro lif er a tion and apoptosis, sig nal transduction,
cytokine pro duc tion and im mune re sponse [23]. Also,
as the GSH can di rectly neu tral ize O2
⋅−  and OH, lead -
ing to the for ma tion of ox i dized glutathione [24], its
in creased amount in blood of DTC pa tients can help
SOD in main tain ing the basal level of O2
⋅−  af ter the ex -
po sure to 131I.
In creased amounts of LPO end prod ucts can be
de tected in many dis eases, from mul ti ple scle ro sis [25]
to can cer [26, 27], as dam aged cells and tis sues may
peroxidase more rap idly than the nor mal ones [28]. In
our ex per i ment, the TBARS level in DTC pa tients was
in creased in all three time points af ter the ir ra di a tion.
The in crease was sig nif i cant on the 7th, and en larged by
52 % and 33 % on the 3rd and 30th day af ter the 131I ther -
apy. Sim i lar re sults were re ported by Konukoglu et al.,
who ob served that the thyroidectomised pa tients had
higher MDA lev els in the eryth ro cyte mem branes 2
days af ter the treat ment with 3.7-5.55 GBq 131I [29]. Gil 
et al. ex am ined the later changes and found that a small
ini tial in crease in MDA level 1 month af ter the ra dio -
ther apy was fol lowed by a sig nif i cant de crease in MDA
6 months af ter wards [30]. The ex cess of LPO in se rum
may re sult from the ra di a tion in duced apoptotic and mi -
totic cell death in the re main ing thy roid tis sue. Con trary
to the rad i cals that at tack biomolecules in their im me di -
ate sur round ings, the lipid peroxidation prod ucts can
eas ily dif fuse across mem branes and co va lently mod ify
biomolecules far from their site of or i gin [31]. Thus it
seems that the el e vated se rum LPO level in di cate in -
creased free rad i cals pro duc tion in tis sues, as has al -
ready been ob served by Arguelles et al. [32]. It should
be noted that in DTC pa tients the ex tent of ox i da tive
stress was prob a bly wider than it could be con cluded
from our re sults, as se rum LPO level be fore the131I ther -
apy, which we used for com par i son, is sev eral times
higher in can cer pa tients than in healthy sub jects [33]. 
CON CLU SIONS
The in creased TBARS level ob served in this
study in di cated that the DTC pa tients are un der the
con stant ox i da tive stress dur ing the first 30 days af ter
the ra dio ther apy. Also, the re corded changes of re dox
com po nents and their dy namic in di cated the most pos -
si ble mech a nisms that gov ern these pro cesses. Un der -
stand ing of these phe nom ena is im por tant since there
is no la tent pe riod for ra di a tion ex po sure and the early
ox i da tive stress can pro mote a cas cade of down stream
events that lead to late ef fects of 131I ther apy.
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REDOKS  PARAMETRI  U  KRVI  PACIJENATA  SA  TIROIDNIM
KANCEROM   NAKON  ABLACIJE  RADIOAKTIVNIM  JODOM
Ablacija radioaktivnim jodom (131I) je tretman izbora za pacijente sa diferentovanim
karcinomom {titne `lezde. Me|utim, zra~ewe indukuje oksidativni stres i o{te}ewe zdravih
}elija i tkiva, istovremeno aktiviraju}i procese antioksidativne odbrane. Kako mehanizmi
tih procesa nisu u potpunosti poznati, `eleli smo da ispitamo promene najva`nijih reaktivnih
vrsta kiseonika i antioksidativnih komponenata, kao i wihovu povezanost sa peroksidacijom
lipida kao pokazateqem oksidativnog stresa. Na{i rezultati su ukazali na pove}awe nivoa
peroksidacije lipida tokom prvih 30 dana nakon radioterapije Me|u antioksidativnim
komponentama superoksid dismutaza je pove}ana u 3. i 30. danu; katalaza u 7. a glutation u 3. i 7. danu
nakon izlagawa 131I. [to se ti~e prooksidativnih komponenata, smawewe nivoa vodonik peroksida
zabele`eno je 3, 7. i 30. dana, a superoksid anjon radikala u 30. danu nakon radioterapije. Prikazani
rezultati ukazuju da su pacijenti sa diferentovanim karcinomom {titne ` lezde tretirani 131I pod 
konstantnim oksidativnim stresom uprkos uo~enom pove}awu nivoa antioksidansa i smawewu
nivoa prooksidativnih komponenti. Razumevawe ovih ranih postradijacionih procesa je va`no,
jer wihov razvoj odre|uje kasnije efekte 131I terapije.
Kqu~ne re~i: oksidativni stres, antioksidativni enzim, lipidna peroksidacija,
..........................radioterapija, tiroidni kancer
